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Impact of text contrast polarity 
on the retinal activity in myopes 
and emmetropes using modified 
pattern ERG
Sandra Wagner 1* & Torsten Strasser 1,2

Environmental factors favoring myopia development are still being studied and there is accumulating 
evidence for a significant role of nearwork. Recently, reading standard black-on-white text was found 
to activate the retinal OFF pathway and induce choroidal thinning, which is associated with myopia 
onset. Contrarily, reading white-on-black text led to thicker choroids, being protective against 
myopia. Respective effects on retinal processing are yet unknown. Here, we exploratively assessed 
the impact of contrast polarity on the retinal activity and possible interactions with eccentricity and 
refractive error. We recorded pattern electroretinograms in myopic and emmetropic adults while 
presenting a dead leaves stimulus (DLS), overlaid by masks of different size in ring or circle shape, 
either filled with uniform gray or text of inverted or standard contrast. In myopes, retinal responses for 
DLS with standard and inverted contrast were larger when the perifovea was stimulated (6–12 deg), 
however, including the fovea resulted in smaller amplitudes for inverted contrast than in emmetropes. 
The retina of emmetropes was more sensitive to inverted contrast than to standard and gray within 
12 deg, but most sensitive for gray in the perifovea. This demonstrates that the refractive error 
influences the sensitivity to text contrast polarity, with a special role of the peripheral retina, which is 
in line with previous studies about blur sensitivity. Defining whether the differences derive from retinal 
processing or anatomical features of a myopic eye requires further investigation. Our approach might 
be a first step to explain how nearwork promotes the eye’s elongation.

Myopia development is still being assessed in terms of genetic and environmental risk factors. As for the latter, 
numerous previous investigations provided evidence for an association between myopia onset, near vision, 
and  reading1–5. This suggestion dates back to the seventeenth century, when Kepler already assumed that eyes 
exhibiting extensive amounts of nearwork might be at risk of developing  myopia6. In recent decades, clinical 
trials supported this early hypothesis with the finding of a significant correlation between myopia prevalence 
and educational  levels7–9, differing accommodation behavior in myopic compared to nonmyopic  eyes10–14, spe-
cific anatomical and behavioral features of the myopic ciliary  muscle15–19, and myopigenic dioptric and spatial 
frequency distribution in nearwork  environment20–23. A recent investigation in young adults suggested that 
the reading material itself might influence the refractive development: Presenting text on a distant screen, it 
was found that eyes respond differently to standard contrast, with dark letters on bright background than to 
inverted contrast (bright text on dark): Standard contrast text predominantly activated the retinal OFF channels 
and induced a choroidal thinning, but overstimulation of retinal ON channels and choroidal thickening was 
measured with inverted contrast  text24. The segregation of information processing into ON and OFF pathways 
serves the metabolically efficient signaling of luminance increments and  decrements25. While photoreceptors 
and horizontal cells hyperpolarize with light, a sign reversal at the bipolar cell level allows the depolarizing ON 
type to respond to increments, the hyperpolarizing OFF cells to decrements of  light26. The signal is transferred to 
amacrine and retinal ganglion cells, the latter being concentrically organized into ON-center/OFF-surround or 
vice  versa27. Compared to ON cells, OFF cells are more numerous, have narrower receptive field sizes, a higher 
spatial resolution, lower sensitivity to luminance changes, and slower response  kinetics28–30. Animal models 
revealed selective activation of these pathways to interfere with the refractive  development31–34. Selective ON 
stimulation is further known to increase vitreal dopamine  levels35. The choroid is also involved in the process of 
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emmetropization: it thins with myopia onset, while a thickening might be protective from this  development36–39. 
Reduced choroidal thickness was suggested to predict myopia in  children40. Investigating young adults, Hoseini-
Yazdi et al. reported that the accommodation-induced choroidal thinning increased with retinal OFF channel 
overstimulation. Moreover, the standard contrast text reading elicited a sustained choroidal thinning only in 
myopic, not in emmetropic  eyes41. A psychophysical study with ON/OFF pattern detection provided further 
evidence for myopia being related to changes in the sensitivity to ON/OFF  stimulation42. Up to the present, pos-
sible effects on retinal level resulting from selectively stimulating the two pathways have not yet been investigated 
in humans with emmetropia compared to myopia. The retina of myopic eyes provides lower  amplitudes43,44 as 
well as increased  latencies45 in electrophysiological tests. Multifocal electroretinography (mfERG) responses 
in children correlate with myopia  progression44 and were suggested to serve as an early marker for myopia 
 development46. The processing of contrast polarity information might therefore also differ in myopic compared 
to emmetropic retinae.

Previous electrophysiological studies on the ON/OFF pathways in humans mainly focused on glaucoma 
 research47, applying full-field ERGs with sawtooth  stimulation48 or steady-state visually evoked potentials to 
receive discrete ON and OFF  responses49,50. The pattern ERG (pERG) was suggested as an alternative approach 
to assess the retinal ON/OFF  system47. Using pERG, the effects of simulated optical blur on retinal responses, also 
considering different retinal eccentricities were recently investigated. Instead of the standard pERG  protocol51, a 
novel dead leaves stimulus (DLS) was implemented. The results showed an increased sensitivity to blur in retinal 
areas between 6 and 12 deg, with no significant influence of refractive  error52. Using real optical defocus, an analy-
sis of mfERGs indicated that the blur signal is differentially decoded in the inner and outer retina, possibly ena-
bling the sign of defocus  discrimination53 necessary for adjusting the plane of focus during  emmetropization54. 
It is yet unknown whether information processing of contrast polarity of text is, similar to  defocus55, influencing 
eye growth. An assessment of retinal responses to stimuli of both polarities in myopic vs. nonmyopic eyes might, 
as a first step, reveal whether the retinal processing of the selective stimulation is affected by the refractive error. 
The following experimental approach allows, for the first time, to investigate the direct impact of contrast polarity 
on the retinal activity and the possible influence of eccentricity and refractive error.

Results
Eight emmetropic (age 27.1 ± 8.2 years (s.d.); 4 male) and nine myopic healthy adults (age 30.7 ± 2.6 years (s.d.); 
4 male) participated in this study. Monocular corrected Snellen visual acuity was 6/6 or better in each sub-
ject. Spherical equivalent refractive error of the right eye in the myopic group was −3.90 ± 3.52 D (s.d.) (range 
−12.63 D to −1.38 D), with astigmatism of −0.65 ± 0.38 D (s.d.) (range −1.25 D to −0.25 D) (sphere −3.72 ± 3.39 D 
(s.d.)). Myopic subjects were wearing their habitual correction during the ERG measurements (n = 3 soft contact 
lenses; n = 6 spectacle lens correction).

In the following, we concentrate on the findings where the 95% confidence intervals of the ERG waveforms of 
the mean differences (comparison of contrast polarity conditions) or the differences of the means (comparison 
of study groups) did not overlap, being also highlighted in the corresponding figures.

Comparison between refractive groups. A substantial reduction of the N95 amplitudes in the standard 
pERG was found in myopic compared to emmetropic eyes. In contrast, the clear DLS elicited similar retinal 
response levels in both refractive groups (Fig. 1d+e; Supplementary Fig. 1d+e). Differences between myopic and 
emmetropic ERGs were revealed when implementing the text components of different size and contrast in the 
DLS: Stimulation with both standard and inverted contrast text led to larger N1 amplitudes in myopes compared 
to emmetropes when presented perifoveally, within the area between 6–12 deg (Fig. 1b; Supplementary Fig. 1c). 
Substantially smaller N2 responses for the inverted contrast condition were measured in myopes in case of the 
text being presented with inclusion of the fovea for both stimulus sizes, 6 deg and 12 deg circles (Fig. 1a+c; 
Supplementary Fig. 1a+b). Regarding the blank condition, when masks were filled with uniform gray, the two 
groups differed considerably for foveal stimulation, with myopes providing increased N1 responses (Fig.  1a; 
Supplementary Fig. 1a).

Comparison between contrast polarity conditions. A separate group analysis of the effects of con-
trast polarity and eccentricity showed that for the 6 deg circle and for the 6–12 deg ring stimulus size, standard 
and inverted contrast did not affect the retinal responses differently in either group (Fig. 2). However, in emme-
tropes, the stimulation with the 12  deg circle led to larger N2 responses for the inverted contrast condition 
than the standard contrast condition (Supplementary Fig. 2c). Furthermore, P1 responses were also substan-
tially larger for the inverted contrast than the blank condition, i.e. when the circle was filled with uniform gray 
(Fig. 2b; Supplementary Fig. 2b). As for the 6 deg circle, compared to the blank condition, emmetropic eyes 
showed increased N1 amplitudes but decreased N2 amplitudes for the standard contrast condition (Supplemen-
tary Fig. 2a). If the fovea was excluded (6–12 deg ring), the emmetropic retina showed larger N1 responses for 
the blank condition than for both other conditions, namely standard and inverted contrast (Fig. 2c; Supplemen-
tary Fig. 2a+b). Thus, when changing the area of stimulation from 6 deg to 6–12 deg, the largest retinal reaction 
to the blank condition also changed in emmetropes from N2 to N1.

Narrowing the analysis to a comparison of the effects of text of standard vs. inverted contrast, separately in 
the two groups, reveals a difference in their retinal responses for a stimulation size of 12 deg (Fig. 3): The inverted 
contrast text induced an increased N2 amplitude in emmetropes, while myopic retinae reacted with an increased 
N2 amplitude to the standard contrast text stimulus. Only for this stimulus size, such a difference between the 
two refractive groups with respect to ON vs. OFF stimulation was present.



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:11101  | https://doi.org/10.1038/s41598-023-38192-9

www.nature.com/scientificreports/

Discussion
Reading and myopia development are undoubtedly associated, however, the reasons for close work eliciting the 
eye’s elongation have not yet been entirely fathomed. A predominant retinal OFF pathway stimulation together 
with choroidal  thinning24, which is associated with myopia development, was previously measured after reading 
text with dark letters on bright background. Investigating the differences in retinal processing between eyes with 
myopia compared to nonmyopia during these stimulations might increase our knowledge on factors favoring 
myopia onset and improve current myopia management.

Using modified pERG with DLS and text elements, we analyzed the sensitivity to contrast polarity at dif-
ferent retinal eccentricities in myopic vs. emmetropic eyes. Results showed that contrast polarity of text affects 
ERGs differently depending on retinal eccentricity and refractive error. Compared to emmetropes, myopes had 
smaller retinal responses to inverted contrast for foveal and parafoveal, but not for perifoveal stimulation between 

Figure 1.  Comparison of ERG responses between refractive groups. ERG results of emmetropic (blue) and 
myopic subjects (red) for different stimulus sizes, shapes, and contrast polarities (smoothed averaged amplitude, 
shaded areas are SE, highlights mark substantial differences; see Supplementary Fig. 1).
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Figure 2.  Comparison of ERG responses between contrast polarity conditions. ERG results for DLS overlaid 
with stimuli of different sizes, shapes, and content in emmetropic (left) and myopic eyes (right). Size of color-
coded dots illustrates result of pairwise comparison between polarities (smoothed averaged amplitude, shaded 
areas are SE; highlights mark substantial differences; see Supplementary Fig. 2). Similar substantial differences 
were not revealed in myopic eyes.

Figure 3.  ERG responses for DLS with text of both contrast polarities. Effects of standard vs. inverted contrast 
text elements of different size in emmetropic (left) and myopic eyes (right; smoothed averaged amplitude, 
shaded areas are SE).
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6–12 deg eccentricity. An interesting outcome regarding the emmetropic group was that at 12 deg, inverted con-
trast stimulation elicited considerably larger retinal responses than the blank and standard contrast conditions. 
Also, only in emmetropes, when changing the stimulation area from perifoveal to fovea only, the largest retinal 
activity to the blank condition switched from N1 to N2.

The results support the hypothesis that the retinal region between 6–12 deg holds differing characteristics 
from the foveal area: When using the ring mask, a reduced sensitivity to ON pathway stimulation was not 
present in myopic ERGs. Previously, the reaction to calculated blur was likewise found to be different within 
this area, revealing a higher sensitivity to blur, which was similar in emmetropes and  myopes52. These findings 
confirm earlier mfERG recordings with ophthalmic lens defocus, showing that paracentral regions respond 
stronger to imposed defocus than central retinal  regions53. Due to the lack of high spatial frequencies, the pres-
ence of blur could be compared to the blank condition in the present study, operating like a low-pass filter. We 
found similar responses to the blank stimulus in both study groups within the 6–12 deg area, however, not with 
respect to a stimulation size of 6 deg, i.e. the fovea only condition. Here, myopes showed a larger sensitivity 
than emmetropes to the stimulus of uniform gray. Conflicting outcomes were published in the past, with some 
authors reporting that myopes tolerate more blur than  nonmyopes56, while others found a reduced blur sensitiv-
ity only for monocular viewing  conditions57 or no dependence on refractive  error58. Furthermore, in a recent 
psychophysical study, Xu et al. revealed an increased contrast sensitivity in myopes at 6 deg and 12 deg of the 
superior and inferior visual field, while there was no difference to nonmyopes  foveally59. It is unclear whether 
the psychophysically measured sensitivity can be directly correlated to retinal activity in ERG and further assess-
ments of this relationship are required. Since peripheral retinal image quality significantly influences refractive 
error  development60,61, eccentricity is a factor that certainly needs to be considered in both psychophysical and 
electrophysiological visual tests.

A difference of the ERG responses between refractive groups for stimulation with inverted vs. standard con-
trast was only given when the stimulus was presented in the area until 12 deg, covering foveal and parafoveal 
regions (Fig. 3). While emmetropes showed increased retinal responses to inverted, myopes reacted stronger to 
standard contrast text. Increased sensitivity of myopic eyes to standard contrast text was likewise previously found 
in young adults using the choroidal thickness as indicating parameter: Only myopes exhibited sustained subfoveal 
choroidal thinning in response to a continuous 30-min OFF pathway stimulation after a 20-min recovery phase. 
This was suggested to be related to more potent OFF or less potent ON pathway-mediated signals in  myopes41. 
However, a psychophysical assessment of contrast sensitivity for both contrast polarities provided contradict-
ing results: Sensitivity was significantly reduced in myopic young adults when black letters were presented on 
gray background (negative contrast)62. In a later study assessing more subjects, the author reported increased 
contrast thresholds for negative than positive contrast in myopes and reverse outcomes in  emmetropes63. In this 
investigation, the two conditions were not matched in their luminance, which might explain the deviance from 
our results and those of Hoseini-Yazdi et al.41.

A merely anatomical reason for the here presented finding of reduced ON sensitivity in myopes might be 
possible: The ON pathway is mainly active at lower temporal frequencies, while the OFF pathway predominates 
at higher  frequencies47,64. Thorn et al. suggested that anatomical changes associated with stretching in the myopic 
retina might largely affect bipolar and ganglion cells of the Y-system, therefore leading to reduced sensitivity for 
moving gratings, high temporal frequencies, and low spatial frequencies. However, psychophysically measured 
temporal and spatial contrast sensitivity for static and moving gratings was not reduced in high myopic subjects 
up to −10 D. The authors concluded that even in high myopia, the normal integrity of the retina is preserved 
and only changes after occurrence of pathological  events65. In the present study, with one exception, subjects 
were in the range of low to moderate myopia, rendering a sole anatomical explanation for the described differ-
ences unlikely.

In recent years, around 200 genetic loci for myopia have been identified in genome-wide association 
 studies66–69, also revealing interaction effects with environmental factors, especially education and  nearwork70. 
Considering contrast polarity as a phenotypic variance, the presented differences as for eccentricity and refractive 
error group might be associated with specific retinal areas being more genetically, others more environmentally 
driven, however, further genetic and psychophysical studies are required to investigate this idea.

To evaluate possible consequences of our findings about the sensitivity to contrast polarity at different reti-
nal eccentricities, the reading process needs consideration: Reading requires a minimum visual field of 4 deg 
horizontally around the fixation  point71, while the perceptual span can increase to 5 deg in reading  direction72. 
In the current study, these areas were shown to be less sensitive to ON pathway stimulation in myopic eyes. This 
observation and previous post-nearwork choroidal thickness  measurements41 lead to the hypothesis that read-
ing black-on-white text might have an even higher potential to induce myopic progression in a myopic eye than 
to induce myopia onset in an emmetropic eye. Further supporting data arise from a recent investigation on the 
ciliary muscle, a structure most important for the accommodation process that was suggested to be involved 
in refractive error  development19,73. We previously showed that, independent of the refractive error, the ciliary 
muscle undergoes a significant thinning after a prolonged reading period of standard black-on-white  text74. 
Being positioned below the sclera and closely linked to the choroid, the muscle might also be influenced by the 
features of the image as it was found for choroidal  thickness24. A preliminary study with six subjects revealed 
that after reading bright text on dark background, the ciliary muscle got thinner in myopes as shown before, 
while in emmetropes, muscles were rather thicker after the close  work75. Contrast polarity of text might only be 
of importance prior to myopia onset, but without any impact after its development. Based on this hypothesis, 
an intervention in pre-myopic children, at most under the age of 7 years, before the typical beginning of school 
myopia, would be recommended, e.g. by introducing inverted contrast as new standard presentation mode 
already in kindergarten/ pre-school learning tools. The efficacy of these non-invasive interventions would cer-
tainly need to be evaluated in longitudinal pediatric trials.
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Instead of a commonly used checkerboard limited to a single spatial frequency and fixed contrast, we used a 
DLS for recording the ERGs since it offers a broad range of spatial frequencies and a contrast ranging between 0 
and 100%, which simulates the statistics of natural  images76. Also, in contrast to the conventional assessment of 
ERGs using single markers, we applied point-wise t-testing for comparing the shape of the entire ERG responses 
over time. As illustrated in Supplementary Figs. 1 and 2, substantial differences between the tested stimuli condi-
tions or study groups were assumed if the respective 95% confidence intervals of the waveforms did not overlap. 
Since it is an explorative study aiming at detecting the effects of both contrast polarity and eccentricity and the 
interaction with the refractive error, we did not correct for multiple testing. Also, to simplify, we assumed radially 
symmetric retinal sensitivity areas. Several approaches have recently been proposed to assess the retinal field 
size and properties of retinal ganglion cells (RGCs), including computational  models77. Our simplification is 
supported by a mathematical formula correlating receptive field density of human RGCs with the position in the 
visual field, and showing that the density falls off linearly between 5 to 10 deg, both nasally and  temporally78. A 
possible detriment of our methodology is that retinal responses derived from the pERG are a local response of 
the stimulated area and primarily originate from the ganglion cell  activity51. In the mouse model, P1 was found 
to mainly represent the ON pathway and N2 the OFF pathway  contributions79. In humans, P50 of transient pERG 
was suggested to originate from spiking and non-spiking activity of both pathways and N95 from their spiking 
activity  only80, but an assignment of pERG components to specific retinal cell subtypes or structures cannot be 
easily realized. Thus, improved interpretation of the described observations would require the implementation 
of text elements in further ERG types (e.g. steady-state pERG, full-field ERG with On-Off48 and photopic nega-
tive response, long flash ERGs). Rather than selectively blocking the ON pathway using pharmaceuticals as in 
animal  models81, this pathway’s contribution could be studied by including patients with complete congenital 
stationary night blindness (cCSNB), being characterized by an ON-bipolar cell  dysfunction82,83. The described 
adjustments of the ERG protocol, together with a randomized stimulus presentation are planned in future studies 
with increased sample size. Although the presented differences between groups and conditions are small, they 
have the potential to provide the basis for further investigations that contribute to explaining why reading and 
nearwork promote myopia development, and how this causality can be prevented.

We introduced a novel pERG protocol to measure retinal responses during the selective stimulation of retinal 
ON and OFF pathways. Stimuli were composed of a DLS, containing a broad range of spatial frequencies and 
contrasts, and overlaying text elements of both contrast polarities in different size and shape. The recordings 
revealed that effects of text contrast polarity on retinal activity are influenced by eccentricity and refractive 
error. Retinal responses of myopic eyes were smaller than those of emmetropes during stimulation with inverted 
contrast in foveal and parafoveal regions, but not perifoveally around 6–12 deg. Further studies are planned to 
permit an improved distinction between retinal ON and OFF activity and to assess whether the presented effects 
arise from anatomical differences or different retinal processing in myopic eyes. A thorough electrophysiologi-
cal investigation of the retinal ON/OFF pathway activation during nearwork might substantially improve our 
understanding of myopia development and current myopia management strategies. Given a causative relationship 
between contrast polarity and myopigenesis and regarding the abundant daily use of digital devices throughout 
a child’s school day and leisure  time84, using reading material in the inverted contrast form might be a simple 
implementable method to support myopia management treatment in the future.

Methods
Stimuli. A DLS was created in Python (Python Software Foundation, Beaverton, OR, USA), based on an 
open-source  script85 and according to the approach by Panorgias et al.52. The stimulus of 23 deg visual angle 
(670 × 670 pixel) comprised 2000 ellipses of different size that were randomly drawn from a uniform distribution 
with radii between 2 to 82 pixels. The grayscale value of each ellipse was randomly chosen between 0 (black) 
and 255 (maximum white). Four different DLS images of both contrast polarities were thus created, matched in 
luminance, and presented with a contrast reversal of 2 Hz during the recording of pERGs. Text of both contrast 
polarities was incorporated in this stimulus. To test whether sensitivity to contrast polarity depends on eccen-
tricity, the DLS was overlaid by components of different shape (ring or circle) and size (6 deg or 12 deg), being 
either filled with text (letter height 0.57 deg, line spacing 0.9 deg, font style Open Sans) of standard or inverted 
contrast (Fig. 4) or with uniform gray (blank). The text within these areas changed continuously after 16 frames 
(0.188 s) to simulate the reading procedure. Each stimulus contained a central red fixation cross. Luminance was 
matched for all conditions, with an average of about 35 cd/m2 and room illuminance was kept at about 170 lx.

The order of stimulus presentation (Fig. 5) was 6–12 deg ring, 12 deg circle, 6 deg circle, each of them in the 
conditions blank, inverted contrast text, standard contrast text. Then, a clear DLS was shown, lastly followed by 
the recording of a conventional pERG with a checkerboard stimulus as a reference (2 deg-checkerboard, size 
30 × 30 deg visual angle). All stimuli except for the checkerboard were surrounded by uniform gray, covering 
the remaining display.

Participants. The study was performed according to the Declaration of Helsinki and approved by the Insti-
tutional Review Board of the University of Tuebingen. Volunteers were recruited from the staff of the Institute 
for Ophthalmic Research Tuebingen. Study procedures and possible risks were explained, and measurements 
were only performed after having received the volunteer’s informed consent. Monocular and binocular best 
corrected visual acuity measurements were taken, and based on the spherical equivalent refractive error, the 
subjects were assigned to the emmetropic (|SER|≤ + 0.5 D) or myopic (SER < −0.5 D) study group.

Measurement procedure. All ERG recordings were taken under light-adapted, binocular viewing condi-
tions on the right eyes only. Myopic subjects were corrected for far vision using their regular correction method, 
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either spectacle lenses or single vision soft contact lenses. A sterile disposable DTL (Dawson, Trick & Litzkow) 
 electrode86 was inserted below the corneal limbus. After skin preparation, the counter electrode was attached to 
the ipsilateral temple, the ground electrode to the forehead, and both connected to a CE certified electrophysiol-
ogy system (Espion E2, Diagnosys LLC, Cambridge, UK). For performing the transient pERGs, subjects were 
seated in front of a CRT monitor (Diamond Plus  230SB, Mitsubishi) at 40 cm viewing distance (85 Hz refresh 
rate; duration 16 frames; 2.66 Hz). Pupils were not dilated, nor was any other topical medication used. For each 
of the 11 test conditions, 128 sweeps of 188 ms each were recorded, resulting in a total recording duration of 
about 10 min including short breaks between conditions. Subjects were asked to fixate the central red cross on 
the display while keeping their head and upright sitting position stable throughout all recordings.

Data analysis. ERG recordings were bandpass filtered by the amplifier (0.625 to 100  Hz). For analysis, 
the individual traces were first manually filtered for blinks. Using JMP 16 (SAS Institute GmbH, Heidelberg, 
Germany), a  3rd order polynomial detrend for normalizing the  data87 was applied for each sweep, followed by a 
moving average filter (window ± 12 ms) to reduce the 50 Hz electrical noise. Due to the deviation from the stand-
ard  protocol51 (DLS: broad range of spatial frequencies; contrast between 0–100%; overlaid by masks with text 
of different contrast polarities or gray; pERG: checkerboard with a single spatial frequency; contrast of 100%), 

Figure 4.  DLS with text component. Example for circle component of dark on bright (left) and bright on dark 
(right) text elements presented on a dead leaves stimulus [not to scale].

Figure 5.  Order of presented stimuli. Stimuli with text components (6–12 deg ring, 12 deg circle, 6 deg circle) 
were first shown in the blank condition of uniform gray, then with inverted contrast, lastly standard contrast text 
[not to scale]. All stimuli except for the checkerboard were surrounded by uniform gray (not shown).
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conventional amplitude definitions of the pERG components were renamed, with the first negative component 
around 35 ms as N1, first positive component around 50 ms as P1, second negative component around 100 ms as 
N2 (Fig. 6). For the same reason, instead of analyzing amplitudes and latencies, pointwise t-tests88,89 were applied 
to assess the entire response curve changes over time: Groups and conditions were compared using the 95% 
confidence interval of the mean differences (for comparison of contrast polarity conditions blank vs. standard 
vs. inverted) or the differences of the means (in case of comparison of refractive groups myopic vs. emmetropic), 
respectively.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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